Recent data suggest that SEL1L may play an important role in pancreatic carcinoma, similar to breast cancer, where the expression of SEL1L has been associated with a reduction in both proliferative activity in vitro and clinical tumor aggressiveness. To investigate this possibility, we examined the expression of Sel1L in a series of primary pancreatic carcinomas by immunohistochemistry and characterized the effects of Sel1L overexpression both in vitro and in vivo. In 74 pancreatic cancers analysed, 36% lacked Sel1L expression, although there was no significant correlation between the expression of Sel1L and any clinicopathologic parameter, including survival. However, immunohistochemical reactivity for Sel1L and Dpc4/ Smad4 was concordant in 69% of cases (v 2 test Po0.004). Overexpression of SEL1L in stably transfected pancreatic cancer cells caused both a decrease in clonogenicity and anchorage-independent growth as well as a significant increase in the levels of activin A and SMAD4. When implanted in nude mice, Suit-2-SEL1L-overexpressing clones displayed a considerably reduced rate of tumor growth. Thus, it can be hypothesized that
Introduction
The SEL1L gene (Biunno et al., 1997; Biunno et al., 2000) is the human ortholog of the Caenorhabditis elegans sel-1(suppressor-enhancer-lin) gene, which encodes for a protein that acts as a negative regulator of lin-12 (Grant and Greenwald, 1996 Greenwald, , 1997 . The lin-12/ Notch genes encode for proteins that play crucial roles in determining developmental choices in several precursor cell types both in C. elegans and mammals (Weinmaster, 1997; Greenwald, 1998; Artavanis-Tsakonas et al., 1999) . Notably, Notch signaling appears to be critical in pancreatic exocrine and endocrine cell fate determination of the supposed common pluripotent endodermal progenitor (Apelqvist et al., 1999; Jensen et al., 2000) . Notch signaling has been implicated in cell proliferation and apoptosis, and two vertebrate lin-12/Notch homologues, murine int-3 and human Tan-1, have been associated with several cancers (Ellisen et al., 1991; Jhappan et al., 1992; Robbins et al., 1992; Capobianco et al., 1997; Shelly et al., 1999) . Comparative sequence analysis of SEL1L in different species has shown that it is highly conserved, suggesting that it plays an important role in cellular functions (Biunno et al., 2002) .
SEL1L has been reported as highly expressed in human developing and normal adult pancreas with much lower levels detected in other tissues (Biunno et al., 1997; Donoviel et al., 1998; Harada et al., 1999; Cattaneo et al., 2000) . SEL1L has been also found downregulated or completely repressed in a proportion of primary adenocarcinomas of the pancreas (Biunno et al., 1997; Donoviel et al., 1998) . Furthermore, the SEL1L promoter showed preferential activity in cancer cell lines of pancreatic origin (Cattaneo et al., 2001) . Taken together, these data suggest that SEL1L might play a role in pancreatic cancer. Indeed, the involvement of SEL1L in oncogenesis has been recently demonstrated in breast cancer, where the expression of SEL1L is associated with a reduction in both proliferative activity in vitro and aggressiveness in patients (Orlandi et al., 2002b) .
In the present paper, we report on the expression of SEL1L in a series of primary pancreatic adenocarcinomas using a monoclonal antibody raised against the recombinant protein (Orlandi et al., 2002a) . We further investigated the effect of inducible SEL1L expression in pancreatic cancer in vitro and in vivo using stable transfectants of Suit-2 cells, which express endogenous SEL1L at low levels and have weak endogenous SEL1L promoter activity (Cattaneo et al., 2001) . Our results suggest that SEL1L may play a role in pancreatic tumor growth and aggressiveness, possibly through the TGF-b signaling pathway.
Results
Immunohistochemical expression of Sel1L in normal pancreas and primary pancreatic adenocarcinomas: correlation with clinicopathological data and expression of Dpc4/Smad4
A total of 74 cases of primary pancreatic adenocarcinoma were examined in the present study. Pertinent clinicopathological and Sel1L expression data are reported in Table 1 . Clinicopathological data, including stage, grade, presence of vascular and/or perineurial invasion were available for all cases, while follow-up was available for 50 patients. Data relative to the combined immunohistochemical expression of Sel1L and Dpc4/ Smad4 is shown in Table 2 .
Representative examples of immunostaining of Sel1L are shown in Figure 1 . In normal pancreas, Sel1L was strongly expressed in acini, while islet cells showed somewhat weaker staining. Positivity was typically granular cytoplasmic diffuse, with frequent perinuclear staining. Ductal cells were negative with the exception of those lining smaller ducts. The latter were often stained with a relatively weak and sometime only focal positivity. Of the 74 carcinomas, 47 cases (64%) had positive staining in virtually all cancer cells, while 27 cases (36%) were negative for expression of Sel1L. In positive cases, neoplastic cells showed cytoplasmic staining with occasional nuclear localization. The staining intensity of cancer cells was as strong as in (Moore et al., 2001a) or determined for all cases. The results of immunostaining for Smad4 in primary pancreatic adenocarcinoma have been previously described in detail (Moore et al., 2001a) . Smad4 is expressed in all normal pancreatic acinar, ductal, and islet cells, where strong to intermediate cytoplasmic reactivity with variable nuclear labeling is observed. The cytoplasmic staining of islet cells is usually strong, and the nuclear immunoreactivity is variable from relatively few to virtually all nuclei (Scarpa et al., 2002) . A total of 38 cases scored positive for Smad4 expression and showed diffuse cytoplasmic and occasional nuclear staining in the vast majority of tumor cells (490%).
There was concordant immunohistochemical reactivity for Sel1L and Smad4 in 51 of the 74 cancers (69%). In particular, 31 cases (41%) showed the expression of both proteins, whereas 20 cases (27%) lacked immunohistochemical expression of either. Of the 23 cases showing discordant staining, 16 showed Sel1L expression and lack of Dpc4, while seven cases had positive staining for Smad4 and lack of Sel1L.
Both univariate and multivariate analysis was carried out including all the above reported conventional factors as well as Sel1L and Smad4 status as determined by immunohistochemistry. None of the clinicopathologic parameters including survival showed significant correlation with expression of either Sel1L or Smad4. Interestingly, the only significant association was found between the expression of Sel1L and Smad4 (w 2 test Po0.004).
Stable transfection of SEL1L in Suit-2 cells and genomic PCR analysis
To examine the role of SEL1L in regulating human pancreatic cancer cell growth, Suit-2 cells were transfected with a vector containing the entire SEL1L cDNA driven by an inducible promoter and selected with G-418. The Suit-2 cell line was chosen for these studies as it expresses relatively low levels of endogenous SEL1L RNA and protein (data not shown) and has weak endogenous SEL1L promoter activity (Cattaneo et al., 2001) . This cell line possesses mutations in the K-ras, p53, and p16 genes, but is wild type for SMAD4 (Moore et al., 2001b) . Stable transfection of these cells with either SEL1L-pDEX.1 or the empty vector pDEX.1 yielded equivalent numbers of G-418-resistant clones, indicating the lack of growth inhibitory or toxic effects of the SEL1L gene under normal culture conditions. In total, 22 clones were analysed for the presence and integrity of the construct. In particular, genomic insertion of the construct and the correct junction between the promoter vector and SEL1L cDNA was verified by PCR amplification of DNA from Suit-2-SEL1L-pDEX.1 and Suit-2-pDEX.1 cells using primers amplifying a fragment spanning the pDEX.1 promoter (sense pDEX.1) and the 3 0 -portion of the SEL1L cDNA (antisense IBD8). Suit-2-SEL1L 10, 14, and 37 clones retained the entire SEL1L cDNA in frame with the promoter as shown by the presence of 2.8 kb DNA fragment ( Figure 2 , lanes 2-4). The cells stably transfected with vector alone, designated Suit-2-pDEX.1 (lane 5), showed no such amplification product.
Transcription and Western blot analysis of Suit-2-SEL1L clones after DEX induction
To determine the presence of recombinant SEL1L transcript, reverse transcription-PCR (RT-PCR) was carried out on RNA extracted from Suit-2-SEL1L and Suit-2-pDEX.1 cells untreated or treated with DEX for 1 and 2 weeks. PCR amplification was performed using a primer set recognizing the 5 0 -end of the SEL1L cDNA (antisense IB13R) and the promoter vector downstream of the transcription initiation site (sense pDEX.1). As shown in Figure 3a , Suit-2-pDEX.1 cells showed no SEL1L signal either before or after treatment with DEX (lanes 1-3), whereas Suit-2-SEL1L clones 14, 37, and 10 revealed the presence of an appreciable increase in the 900 bp transcript after induction by dexamethasone (DEX) (lanes 5, 6, 8, 9, 11, 12) . A weak signal in uninduced samples is indicative of promoter leakage, a phenomenon previously described (Orlandi et al., 2002b) . The same amount of unretrotranscribed RNA was amplified to control for contaminating genomic DNA (data not shown). Hypoxanthine phosphoribosyltransferase (HPRT) expression was used to monitor the efficiency and quality of the newly synthesized cDNA.
Western blot analysis using the Msel1 monoclonal antibody (MAb) was performed to verify that the increased amounts of Sel1L RNA led to a concomitant increase of the protein. As expected, control Suit-2-pDEX.1 cells contained similar levels of SEL1L protein Figure 2 Genomic PCR analysis of Suit-2-SEL1L clones. High molecular weight DNA extracted from Suit-2-SEL1L clones 10, 14, and 37 (lanes 2-4) and from the control Suit-2-pDEX.1 clone (lane 5) was PCR amplified using pDEX.1 and IBD8 primers. The 2.8 kb DNA fragment indicates the integrity of the promoter-cDNA junction. M is the marker; positive (transfected plasmid) and negative (water) controls are shown in lanes 1 and 6, respectively. SELIL in pancreatic cancer M Cattaneo et al before and after DEX addition ( Figure 3b lanes 1-3) , whereas Suit-2-SEL1L clones 14, 37, and 10 showed increased levels of SEL1L after DEX addition (lanes 5, 6, 8, 9, 11, 12) .
The effect of SEL1L expression on anchorage-dependent and -independent growth of Suit-2-SEL1L clones Suit-2-SEL1L clones 14 and 37 as well as Suit-2-pDEX.1 cells were grown in the absence or presence of DEX for 7 days. Cell proliferation rates were determined daily for each clone by cell enumeration of trypsinized suspensions using trypan blue exclusion. Neither uninduced nor induced SEL1L clones showed any difference in replication times (Figure 4) , indicating the lack of growth inhibitory effects of the overexpressed SEL1L under normal culture conditions.
Colony-formation analysis, however, revealed that there were fewer and smaller colonies deriving from DEX-treated SEL1L clones with respect to those from untreated cells or from DEX-treated or untreated Suit-2-pDEX.1 transfected control clones (Figure 5a ). Suit-2-SEL1L clones 14 and 37 exhibited a 61.3 and 53.4% -3) , Suit-2-SEL1L clones 14 (lanes 4-6), 37 (lanes 7-9) and 10 (lanes 10-12). M is the marker. The induction of the 900 bp recombinant SEL1L transcript is evident as is the increased expression level of DPC4/Smad4 (565 bp) and activin A (395 bp) after DEX treatment, while the activin receptor II expression level remains unaltered. Equal amounts of synthesized cDNA were tested by HPRT primers. (b) Protein expression of SEL1L from Suit-2-pDEX.1 control clone before and after 1 and 2 weeks of DEX induction (lanes 1-3), from Suit-2-SEL1L clones 14 (lanes 4-6), 37 (lanes 7-9) and 10 (lanes 10-12). The lower band is likely to be an artifact observed in Western analysis as it is not induced and remains constant in level under all experimental conditions Figure 4 In vitro proliferation of Suit-2-SEL1L clones. Suit-2-pDEX.1 and Suit-2-SEL1L clones 14 and 37 were cultured, harvested at the indicated times and counted in duplicate by trypan blue exclusion. Data represent mean values obtained from three independent experiments; bars, 7s.d. There was no significant difference between the uninduced and induced cells reduction in the ability to form adherent colonies after induction, respectively (Po0.00001; Po0.001). In contrast, the plating efficiency of control Suit-2-pDEX.1 cells was unchanged after treatment with DEX. The number of colonies formed before and after DEX addition is shown numerically in Figure 5b .
These same clones were also analysed for their ability to grow and form colonies in soft agar (soft agar colony assay). Suit-2-SEL1L clones induced with DEX showed a significant decrease (E80%) in their cloning efficiency, whereas Suit-2-pDEX.1 cells were unaffected by DEX treatment (Figure 6 ). These results suggest that although increased levels of SEL1L were not sufficient to affect in vitro growth rates, it was adequate to alter tumor growth.
Induction of SEL1L is associated with increased expression of SMAD4 and activin A It has been recently reported that in rat RSMG-1 cells (a submandibular gland epithelial cell line) SEL1L mRNA expression is induced by activin A (Furue et al., 2001) , a member of the TGF-b superfamily. Activin A modulates cell differentiation and proliferation by effecting a broad range of cellular targets (Chen et al., 2002) . In order to identify which molecular pathways may be involved in signaling by SEL1L, we investigated the endogenous expression level of activin A and DPC4/SMAD4, two genes induced by TGF-b.
RT-PCR analysis was carried out on Suit-2-SEL1L clones 14 and 37, treated with DEX for 1 or 2 weeks. These cells showed significantly increased expression levels of endogenous activin A and DPC4/Smad4 compared to either untreated control cells or DEXtreated Suit-2-pDEX.1 cells (Figure 3a) . No differences in activin receptor II expression were observed in any of the clones after DEX treatment, demonstrating the specificity of this effect.
Quantitative reverse transcription (qRT-PCR) was used to validate the differences in the expression levels of SEL1L, SMAD4, and activin A in Suit-2-SEL1L clones 14 and 37 after 1 or 2 weeks induction with DEX. In clone 14, SEL1L mRNA levels were increased by 5.1-and 4.6-fold after 1 and 2 weeks of induction with DEX, respectively. The same clone showed increases of 2.7-and 4.5-fold in SMAD4 mRNA and increases of 3.4-and 6.9-fold after 1 and 2 weeks of induction, respectively. Similarly, clone 37 showed levels of SEL1L mRNA levels that were increased by 2.7-and 4.1-fold after 1 and 2 weeks of induction with DEX, respectively. Increases of 2.8-and 4.9-fold were observed in SMAD4 mRNA and increases of 3.3 and 7.2-fold in activin A after 1 and 2 weeks of induction, respectively.
Suppression of tumorigenicity by SEL1L in immunodeficient mice
To investigate the effects of induced Sel1L overexpression on tumor growth, immunosuppressed nu/nu mice Figure 5 Colony-forming assay. Suit-2-pDEX.1 and Suit-2-SEL1L clones 14 and 37 were pretreated with 1 mm of DEX for 7 days or grown uninduced in culture medium, trypsinized, and seeded in duplicate at density of 300 cells/well (35 mm diameter plate) in the presence or absence of DEX, respectively. Colonies were scored after 10 days (a). Data are given as mean values obtained from three independent experiments (b); bars, 7s.d. Figure 6 Anchorage-independent clonogenicity in soft agar. Suit-2-pDEX.1 and Suit-2-SEL1L clone 14 were pretreated with 1 mm of DEX for 7 days or grown uninduced and seeded in 0.6% soft agar in duplicate at a density of 15 000 cells/well. Colonies were scored after 14 days. Nine fields of each duplicate determination were examined under the microscope and colonies counted. Data are given as mean values obtained from three independent experiments; bars, 7s.d.
were implanted with either Suit-2-pDEX.1 or Suit-2-SEL1L clones that had been pretreated with 100 nm DEX for 14 days; tumor growth was monitored for 3 weeks. Representative tumors are shown in Figure 7 , along with tumor volume plotted as a function of time. Untreated Suit-2-pDEX.1 clones showed the highest rate of growth and were already visible at 3 days postimplantation. The Suit-2-Sel1L clones pretreated with DEX displayed a retarded rate of tumor growth, and nodules were not visible until 15 days postimplantation. Untreated Suit-2-SEL1L cells and DEX-treated Suit-2-pDEX.1 cells showed intermediate growth rates. The well-known antiproliferative effect of glucocorticoids on a variety of cell types both in vitro and in vivo most likely explains the difference in proliferation between treated and untreated clones (Cook et al., 1988; Thompson, 1989; Norman et al., 1994; Kudawara et al., 2001) . The observed differences between untreated Suit-2-pDEX.1 and Suit-2-SEL1L cells may be explained by promoter leakage and, thus, the antiproliferative effect of increased SEL1L expression. The addition of DEX to Suit-2-SEL1L cells further reduces proliferation due to the combined antiproliferative effects of DEX and the induction of SEL1L by the glucocorticoid. No significant histological differences were observed in any of the four treatment groups.
Discussion
The results of the present study may be summarized as follows: (a) in normal pancreas, SEL1L is expressed in acinar and endocrine cells, while ductal cells were negative with the exception of smaller ducts that were frequently positive showing a relatively weak and sometimes only focal stain; (b) 36% of primary pancreatic adenocarcinomas lack immunohistochemical expression of Sel1L protein, a finding that significantly correlates with the lack of Dpc4 expression; (c) stable, inducible overexpression of SEL1L causes a decrease in clonogenicity and anchorage-independent growth of pancreatic cancer cells; (d) induction of SEL1L in Suit-2-SEL1L clones significantly increased expression levels of endogenous activin A and SMAD4 compared to either untreated or DEX-treated Suit-2-pDEX.1 cells; (e) Suit-2-SEL1L clones pretreated with DEX displayed a significantly reduced rate of tumor growth when implanted in nude mice compared to untreated cells or Suit-2-pDEX.1 cells.
While the precise function of SEL1L is unknown, its homology to the C. elegans gene sel-1 and yeast HRD3 genes suggests that it may be involved in a secretory/ endocytic pathway (Hampton et al., 1996; Grant and Greenwald, 1997) . Previous immunohistochemical studies have shown that transfected Sel1L is localized in cytoplasmic vesicles (Grant and Greenwald, 1996; Orlandi et al., 2002b) . Moreover, in normal pancreas, Sel1L is also located in the cytoplasm and the finding that Sel1L is expressed in both pancreatic endocrine and acinar cells and absent in large ducts is further consistent with the hypothesis that Sel1L has a role in protein trafficking.
By RT-PCR analysis on bulk pancreatic adenocarcinoma, it has been previously reported that SEL1L is lacking in a proportion of cases (Biunno et al., 1997; Donoviel et al., 1998) . However, the identity of the cell population(s) giving rise to this expression, or which was responsible for the decreased expression in primary cancers was unclear given the scarce cancer cellularity that is characteristic of pancreatic adenocarcinoma. Our immunohistochemical analysis of Sel1L on a series of primary pancreatic adenocarcinomas established that SEL1L is indeed expressed in neoplastic cells and that its expression is abolished in tumor cells in 36% of the cases.
A similar situation was found in breast cancer in that Sel1L expression is likewise absent in about 30% of the cases. In vitro studies in MCF-7 breast cancer cells showed that Sel1L is associated with a reduction in proliferative activity with possible involvement in cellmatrix interactions (Orlandi et al., 2002b) . The increased Figure 7 Tumor growth of Suit-2 clones in nu/nu mice. In (a), representative examples of tumors from mice implanted with untreated Suit-2-pDEX.1 cells (1) and Suit-2-Sel1L clone 37 treated with DEX prior to implantation (2) are shown in the upper panels, both at 3 weeks following subcutaneous injection. Their histologic appearance showed no significant difference in any of the treatment groups. In (b), average tumor volume plotted as a function of time for the four indicated different treatment groups aggressiveness of Sel1L-negative carcinomas was clinically evident since the overall survival of breast cancer patients correlated significantly with the downregulation of Sel1L (Orlandi et al., 2002b) .
We found no correlation between the expression of Sel1L and any clinicopathological parameter, including prognosis, which is at variance with the observation that the lack of Sel1L expression was correlated with a worse prognosis in breast cancer (Orlandi et al., 2002b) . However, in breast cancer patients, the correlation between Sel1L expression and survival was only apparent for those patients surviving for at least 3 years (Orlandi et al., 2002b) . As the average survival time for resected pancreatic cancer patients is roughly 15 months, it is not surprising that no statistically significant effects of Sel1L expression were found in this highly aggressive cancer type. We also found no significant correlation between the expression of Smad4 and any clinical parameter, in contrast to a previous report that suggested that patients undergoing a Whipple resection for PDC show more favorable survival when the cancer expresses Smad4 (Tascilar et al., 2001) . The former report analysed a panel of 249 cases, 30 of which were cancers smaller than 3 cm, and the correlation between Smad4 expression and survival was less evident in these neoplasms. Even though T1-T2 stage cancers were clearly under-represented in our set of cases, we nonetheless observed no such statistical trend between Smad4 expression and patient survival.
In order to further study a possible involvement of Sel1L in pancreatic cancer, we stably transfected Suit-2 cells, previously found to constitutively express low levels of SEL1L, with a construct containing the SEL1L entire open reading frame under control of an inducible promoter. Increased SEL1L expression levels in Suit-2 cells were adequate to strongly reduce their ability to form adherent colonies and nearly completely abolished the ability of these cells to grow in soft agar. Interestingly, induced SEL1L expression did not affect the proliferation rate of Suit-2 cells. In this respect, it is worth mentioning that the re-expression of SMAD4 in colon cancer as well as in pancreatic cancer cells was sufficient to suppress tumor formation in nude mice without any influence on the proliferative activity (Schwarte-Waldhoff et al., 1999; Schwarte-Waldhoff et al., 2000) . Additionally, mice implanted with Suit-2 clones overexpressing SEL1L showed significant reduction in tumor development compared to those implanted with uninduced cells or cells with only endogenous Sel1L.
The correlation between Smad4 and Sel1L expression in primary cancers prompted us to examine this association further, where it was found that ectopic overexpression of Sel1L in Suit2 cells led to increased levels of both activin A and SMAD4. Both these genes are involved in the TGF-b signal transduction pathway and their role in tumor development and progression has been investigated (Schutte et al., 1996; Roberts, 1999; Massague et al., 2000; Rooke and Crosier, 2001; Chen et al., 2002) . Activin A exerts its effect on a wide range of cellular targets by modulation of cell differentiation and proliferation (Chen et al., 2002) . In two in vitro breast cancer systems (MCF-7 and T47D), activin A appears as a potent cell growth inhibitor (Cocolakis et al., 2001; Liu et al., 1996) . SMAD4 is inactivated by mutation or homozygous deletion in about one-half of all pancreatic cancers (Rozenblum et al., 1997; Moore et al., 2001a) as well as in a smaller percentage of colon and breast cancers (Lei et al., 1996; Schutte et al., 1996) . Moreover, it was reported that SMAD4 re-expression in pancreatic carcinoma cell line induced the cell to shift from potently angiogenic to an antiangiogenic phenotype in vitro and in vivo by modulating regulators of angiogenesis (Schwarte-Waldhoff et al., 2000) . The biological significance of Sel1L-induced tumor suppression is likely to be associated with increased activin A and SMAD4 expression levels, at least in vitro.
In conclusion, the expression of Sel1L, SMAD4, or both genes is lacking in about 60% of pancreatic cancers, further stressing the importance of the TGF-b pathway in pancreatic tumorigenesis. Moreover, our data provide evidence that SEL1L has an impact on the expression of TGF-b target genes and underline the utility of further investigating the role of Sel1L in pancreatic carcinoma. Similar to breast cancer, it can be suggested that Sel1L plays an important role in signal transduction in pancreatic carcinoma.
Materials and methods
All studies were approved by the Ethics Committee of Verona University (approval AIRC_482, January 2002).
Normal pancreas and primary pancreatic adenocarcinomas
Samples of normal adult pancreas and 74 primary pancreatic ductal carcinomas were from the files of the Department of Pathology, University of Verona, Italy. All cases have been characterized for stage, grade, presence of vascular and/or perineurial invasion. For 50 cases, follow-up data was also available. No blood-borne metastatic cancer was present in any of the present cases, which were all obtained from patients undergoing pancreatic resections. Only a few cancers were well differentiated (three cases) or undifferentiated (two cases). The vast majority of cases were either moderately (37 cases) or poorly (29 cases) differentiated. Three cancers were of the colloid histological type. The TNM staging system was used to classify pancreatic neoplasms (Klppel et al., 2000) . T1 are those tumors limited to the pancreas with a greatest dimension of 2 cm or less; T2 are those tumors limited to the pancreas and are larger than 2 cm; T3 are those tumors extending directly into the duodenum or bile duct or peripancreatic tissues; T4 are tumors extending directly into the stomach, spleen, colon, or large adjacent vessels. N, nodal metastasis, is a or b if one or more regional lymph nodes were involved.
Immunohistochemistry for Sel1L and Dpc4
Immunohistochemistry was performed on paraffin sections using the monoclonal antibodies anti-Sel1L (MSel1) (Orlandi et al., 2002a) and anti-Dpc4/Smad4 (Santa Cruz Smad4 clone B-8 from Autogen Bioclear, Calne, UK). The anti-Sel1L and Smad4 monoclonal antibodies were used at a dilution of 1 : 900 and 1 : 200, respectively, following antigen retrieval by microwaving (750 W) for three times 10 min each in 10 mm citrate buffer, pH 6. Endogenous peroxidase activity was quenched by incubation of slides in 3% hydrogen peroxide. Nonspecific binding of antibodies was blocked by incubating sections in a Protein Blocking Agent (UltraTech HRP, Immunotech, Marseille, France) for 10 min. After removal of excess blocking solution, the appropriate antibody was added. Sections were incubated for 120 min and then washed three times with PBS. Sections were incubated for a further 10 min with a Polyvalent Biotinylated Antibody (UltraTech HRP), followed by washing three times with PBS. Slides were then incubated with streptavidin-peroxidase reagent, followed by diaminobenzidine substrate. After washing with distilled water, slides were counterstained with Mayer's hematoxylin, dehydrated and mounted with Entellan. Negative controls were incubated without MAb MSel1.
Reproducibility of the immunohistochemistry analysis was assessed in the preliminary set up of the immunoperoxidase assays with MAb MSel1, which included selection of MAb concentration, scoring system with intra-and interobserver evaluation, and reproducibility on serial slides of the same cases. Normal pancreatic structures in the same sections served as positive controls. Cases scored as positive for Sel1L showed diffuse cytoplasmic and/or nuclear staining in the vast majority of cancer cells; cases scored as negative showed no stain at all or occasional positive cells. Cases scored as positive for Smad4 showed diffuse cytoplasmic and/or nuclear staining in the vast majority of cancer cells; cases scored as negative showed no stain at all or occasional positive cells, as previously described (Moore et al., 2001a) .
SEL1L-pDEX.1 construct and transfection of Suit-2 cells
The SEL1L-pDEX.1 construct was previously described (Orlandi et al., 2002b) . The human pancreatic cancer cell line Suit-2, derived from a liver metastasis of human pancreatic carcinoma (Moore et al., 2001b) , was grown in RPMI (Microbiological Associates, Walkersville, MD, USA) supplemented with 10% fetal bovine serum (Hyclone), and penicillin/ streptomycin (100 IU/ml) in a humidified chamber (95% air and 5% CO 2 ) at 371C. Suit-2 cells were stably transfected with SEL1L-pDEX.1 or pDEX.1 by electroporation (Bio-Rad gene pulsar) as previously described (Orlandi et al., 2002b) . Individual neomycin-resistant clones were isolated and grown for further analysis. To control the presence of the construct in cancer cells, DNA was PCR amplified using a set of primers specific for the promoter (pDEX.1, 5 0 -CCTGGTCAT-CATCCTGCCTT-3 0 ) and the 3 0 regions of SEL1L (IBD8, 5 0 -GCTGGATCCAGTGCCTATTACTGTGG-3 0 ) with an expected product size of 2.8 kb. Amplification conditions used were as previously described (Orlandi et al., 2002b) .
In vitro induction of SEL1L transcription
Suit-2 selected clones containing the SEL1L-pDEX.1 construct in a stable form were treated with 1 mm of DEX for 7-14 days after which the cells were harvested and analysed by RT-PCR and Western blotting.
RT-PCR Analysis of SEL1L, DPC4, activin A, and activin receptor II Total RNA was extracted from cells using the SV 96 Total RNA Isolation System kit (Promega) following the manufacturer's instructions. Total RNA (1 mg) was used in each reaction containing 5 mm MgCl 2 , 1 Â reaction buffer (50 mm Tris-HCl (pH 8.8), 8 nm MgCl 2 , 30 mm KCl, 1 mm dithiothreithol), 1 mm dNTPs, 5 U of RNase inhibitor (RNAsin), 0.8 mg oligo-p(dT) 15 primer, 1.6 mg random primer, and 15 units of avian myeloblastosis virus reverse transcriptase (Amersham). The reaction mixture was incubated for 10 min at 251C and for 60 min at 421C. The enzyme was denatured at 991C for 5 min and chilled on ice. PCR amplifications were performed using 2 ml of RT product per reaction. PCR conditions consisted of 3 min at 941C followed by 20-32 cycles (see below) at 941C for 1 min, annealing temperature for 1 min (T a noted below), extension at 721C for 1 min followed by a final extension of 5 min at 721C. PCR conditions used to detect the expression of the genes of interest were: SEL1L (exogenous) 30 cycles, T a 601C; activin A 32 cycles, T a 621C; activin receptor II 24 cycles, T a 551C; SMAD4 32 cycles, T a 581C; HPRT 20 cycles, T a 601C. All the PCR products were electrophoresed on 1.5% agarose gel and stained with ethidium bromide. Sequencing of the amplified DNA products confirmed the corresponding human genes. Oligonucleotide primer sequences were:
Quantitative RT-PCR Gene expression levels of SEL1L, SMAD4, and activin A were evaluated in Suit-2-SEL1L clones 14 and 37 after 1 and 2 weeks induction with DEX using SYBR-Green-based realtime qRT-PCR. b-Actin was used as internal reference in each reaction containing 1X SYBR-Green master mix buffer (Applied Biosystems), 200 nm forward and reverse genespecific primers, and 40 ng of cDNA. Assays were performed in triplicate using an Applied Biosystems Model 7700 instrument. The amount of PCR product was measured in real time as the increase in SYBR Green fluorescence. cDNA aliquots were quantified for target genes using the threshold cycle (C(t)) method normalized to b-actin. Control wells containing SYBR-Green PCR master mix and primers without sample cDNA emitted no fluorescence after 40 cycles.
Western Blotting for Sel1L
Cells were lysed using a buffer containing 50 mm Tris-HCl (pH 7.4), 150 mm NaCl, 10% glycerol, 0.5% NP40, 10 mg/ml aprotinin, and 1 mm phenylmethylsulfonyl fluoride. Protein concentration was determined by the Bradford assay; 40 mg of each sample was resolved on 10% SDS-polyacrylamide gel, and Western blotting was performed as previously described (Orlandi et al., 2002a, b) . MAb MSel1 was used at 10 mg/ml.
Cells growth rate analysis
Cells were seeded in 48-well plates three (3000 cells/well) in 200 ml culture medium in the absence or presence of 1 mm DEX and grown for 7 days. Cell proliferation was assessed by direct cell counting at specific time intervals using trypan blue. Each assay point was performed in duplicate and the experiment repeated over four times. 
Colony-forming assay
Suit-2-pDEX.1 or Suit-2-SEL1L-pDEX.1 cells, treated and untreated with 1 mm DEX for 1 week, were trypsin-detached and seeded in duplicate in six-well plates at a density of 300 cells/well. After 10 days of growth in the absence or presence of DEX, the cells were fixed with methanol and stained with 10% Giemsa. Experiments were repeated at least three times. The Student's t-test was used to determine statistical significance.
Anchorage-independent clonogenicity assays
Suit-2-pDEX.1 or Suit-2-SEL1L-pDEX.1 cells treated with 1 mm DEX for 1 week were trypsin-detached and seeded in duplicate in six-well plates at a density of 15 000 cells/well in semisolid medium containing 0.3% Bacto-Agar (Difco) over 0.8% agarose layer containing DEX when indicated. Fresh medium was added weekly. Colony formation was scored after 14 days of growth.
In vivo growth assay
For the tumorigenicity assay, suspensions of 1.5 Â 10 6 cells in a volume of 0.1 ml of PBS were injected s.c. into the right flank of six-week-old male athymic mice (Crl:CD-1-nu/nu BR, Charles River, Lecco, Italy). Four sets of five mice were each injected with the Suit-2-pDEX.1 and Suit-2-SEL1L-pDEX.1 cell lines, each untreated and treated for 14 days with DEX. Tumor diameter was measured in two dimensions with a caliper.
Statistical analysis
Univariate analysis was performed using w 2 test or Fisher's exact test to evaluate categorical variables, whereas the MannWhitney U test was used for continuous variables. The Spearman correlation test was used to evaluate the association between variables. For survival analysis, the primary statistical outcome in this study was overall survival measured from the date of surgery. Death from cancer was the end point. Overall survival distribution was calculated by the product-limit method and analysed using the Mantel-Cox test. Multivariate survival analysis was performed using Cox's proportionalhazard model. The SPSS release 11.0 (SPSS Inc., Chicago, IL, USA) statistical program was used.
Abbreviations Mab, monoclonal antibody; DEX, dexamethasone; RT-PCR, reverse transcription-PCR; HPRT, hypoxanthine phosphoribosyltransferase.
